. Differential responses by sympatric macropodids to severe drought. Australian Mammalogy 26: 185-190. Responses to severe drought by two sympatric macropodids, the yellow-footed rock-wallaby (Petrogale xanthopus) and the euro (Macropus robustus erubescens) were examined at a site in the North Flinders Ranges of South Australia. The results indicate that the two species respond differentially to drought conditions. It was observed that small fluctuations occurred in the P. xanthopus population. In contrast, M. r. erubescens evidenced significant mortality, especially among larger animals.
BY the commencement of 2002, it was apparent that the arid zone of Australia was experiencing severe drought. During a visit to the North Flinders Ranges of South Australia (SA) in June 2002, substantial numbers of dead euros (Macropus robustus erubescens) were seen. In September 2002, an investigation was commenced which looked at the effects of the drought on two species of Macropodidae that occur together in the area, the yellow-footed rock-wallaby (Petrogale xanthopus) and M. r. erubescens. This paper examines the differential responses of these two species to severe drought, at a prime rock-wallaby habitat that overlooks Hamilton Creek in the North Flinders Ranges. In addition to the main assessment, two follow-up visits were made in January and June 2003. Ealey (1963) reported reliable eye-witness accounts of M. r. erubescens 'dying around waterholes' on Corrunna Downs Station, Western Australia (WA), during the dry seasons of [1935] [1936] . The evidence indicated these mortalities were due to starvation during the drought because the only available plants were low in protein. Ealey himself recorded heavy mortality among M. r. erubescens during the dry summer of 1953-1954 on Woodstock Station, WA. Denny (1982) concluded that during dry times M. r. erubescens must rely upon their efficient water metabolism and their ability to digest poor quality food to survive although, as Ealey (1963) noted, if drought persists, population crashes may occur. This paper details features of M. r. erubescens that died along a section of Hamilton Creek that contains the only significant amount of water available within a 7 km radius. The primary criterion for determining M. r. erubescens responses to drought was in terms of the number of dead animals and their carcass measurements.
Poole (1983) reported that M. r. erubescens shows marked sexual dimorphism, with mature males attaining twice the weight of mature females. Croft (pers. comm.) found hind leg dimensions (the tibia but including the calcaneum and the width of the femur when bent at the knee) to provide the most reliable estimates of body size in his study of M. r. erubescens at 'Fowlers Gap', New South Wales. Croft noted that large males (> 35 kg) had leg measurements ranging from 403 mm to 531 mm. In the current study, approximately the same minimum criterion for mature males (400 mm) has been adopted.
Some degree of spatial separation exists between the two species under investigation, in that P. xanthopus prefer rocky outcrops, while M. r. erubescens make more use of the gentler slopes and flat country adjacent to the steeper ranges. Behavioural responses to water also are different (pers obs.). During drier times, when water is scarce, M. r. erubescens seek out creekbed water sources and drink. If such sources are not readily available, they dig creekbed scrapes, and drink from the resulting seepage. In contrast, P. xanthopus have not been observed to dig scrapes. However, they opportunistically make use of scrapes dug by M. r. erubescens. Although palatable water may be available from creekbed springs some 300 m upstream from the P. xanthopus colony site, from 20 years of observations, there is no evidence of them traversing this distance in order to drink. In contrast, M. r. erubescens constantly use the springs.
During the drier summer months, in the North Flinders Ranges rainfall characteristically occurs in the form of thunderstorms. Both species capitalise on the accumulated pools of run-off as it collects in shallow rocky pools or depressions (pers. obs.). In the case of P. xanthopus, they are capable of drinking up to 11% of their body weight, and can achieve this in 7 min (Hornsby 1988). They apparently then mainly rely on this and water obtained from feed until the next time it rains. P. xanthopus have to drink quickly to obtain the water before it evaporates due to the high ambient temperatures. The quantity of water that M. r. erubescens can consume, and how frequently they drink is uncertain. However, significant numbers can be seen drinking in the daytime throughout the summer, and in dry periods at other times of the year. Dawson et al. (1975) recorded M. r. erubescens drinking at a minimum of three day intervals, with the largest incidence of four day intervals, during the 'mild' summers of 1970 and 1971, at times when water content of feed appeared to be low. In contrast to the current study, Dawson et al. reported that M. r. erubescens only occasionally drank during the daytime. However, their animals were drinking from a dam where they could satisfy their total water requirements whereas when M. r. erubescens are drinking from creekbed scrapes they are unlikely to satisfy their needs in one bout and almost certainly need to drink more frequently.
The site where the research was undertaken is located in the North Flinders Ranges. The region has erratic and unreliable rainfall. It is too far south to gather much rain from the summer monsoonal rains coming down from the north, and too far north to be often reached by the prevailing westerlies that are the prime source of rain further to the south. Drought is said to occur frequently but is actually difficult to define. Gibbs (1967) reported that there is no universal definition for drought, but a definition which may be generally accepted is 'severe water shortage '. Carrodus (1967) and Mortimore (1989) support Gibbs ' (1967) view that a common statistical measure such as the arithmetic mean is a poor index of rainfall. The mean is an unreliable indicator because the rainfall distribution is skewed, resulting in the mean differing significantly from the median.
The fact that rainfall is non-continuous in time and space further exacerbates this issue. Nevertheless, total rainfall is the best single index of drought. Gibbs (1967) considered the most rational way to describe rainfall was by using total rainfall deciles as indicators, and this system has been adopted in this paper, with drought characterised by the incidence of total rainfall in the first two, or possibly the third, decile.
METHODS
Rainfall data are not directly available for the area where the observations were recorded, so data from Moolawatana Homestead (19 km to the north) have been used as an analogue. Rainfall deciles (i.e., 10 percentiles) for Moolawatana have been determined on the basis of data recorded from 1909 to 1997, except for the period from 1950 to 1958 when full records were not available. Deciles have been generated by ranking the annual rainfall totals, from lowest to highest, then dividing the total number of years by ten; giving eight years in each decile group. The highest rainfall total in each group then became the upper decile limit; as shown in of M. r. erubescens found dead on the bed of Hamilton Creek also were recorded. The area where the recordings were made was from below the Research Unit upstream to the next bend in the creek approximately 700 m away (see Fig. 1 ). Standard body measurements were recorded, where possible, but weight was not recorded. Since in most cases the viscera was missing, sexing of M. r. erubescens was inferred mainly on the basis of size and colouration.
RESULTS Rainfall
Total rainfall for Moolawatana for 1997 was 239.3 mm; i.e., in the 9th decile, and 'much above average' (Gibbs 1967 Macropus r. erubescens carcasses were measured, using the Poole et al. (1982) standard measurements where possible, except for overall length and weight. In most cases, leg and pes measurements were obtained. For the analysis only the leg measurement was used, since it was available for most of the animals. Of the 59 found in September 2002, the mean leg length for all carcasses was 393 ± 79 mm and the median was 380 mm (see Table 4 ). Where it was possible to sex the animals, this has been shown in 
DISCUSSION
Based on the data from Moolawatana Station, the rainfall in the area where the research was undertaken was above average from the beginning of 1997 through until October 2001. However, rainfall for February 1997 was particularly high with 145 mm recorded, but only 11 mm was recorded for the last three months of the year. For the following first four months of 1998, a total of 22 mm was recorded, giving a total of 33 mm for the seven months.
The population counts for P. xanthopus showed much higher numbers in 1997 than in the subsequent years. Evidence from previous years has shown significant wallaby emigration during the summer months (Hornsby 1982) . This situation was exacerbated by the low rainfall recorded for the 1997-1998 summer months and would account for the decrease in numbers between 1997 and 1998 as shown in Table 3 Between 1998 and the September 2002 visit, the P. xanthopus count showed little variation in numbers, except for reductions during the summer and early autumn months in 1999 and 2000. These reductions, and subsequent recoveries have two potential explanations. They can be attributed to summer emigration and later winter immigration within the colony. Alternatively, stabilisation of numbers may have been due to a balancing between recruitment of young, and of deaths. P. xanthopus counts usually include a number of juveniles but none were seen during the September 2002 and January 2003 observations.
In contrast, the situation with the M. r. erubescens was quite different. At least 58 M. r. erubescens died on the creekbed between November 2001 and September 2002. All were found in the vicinity of scrapes and surface water. While the amount of water was not substantial, it nevertheless was available, so it seems more likely that death has been due to starvation rather than a lack of water. Ealey (1963) also reported kangaroos (including M. r. erubescens) digging creekbed soaks, and that many other animals could not inhabit some regions if kangaroos did not dig down to water and make it available for them. Medlin (1993) also reported that M. r. erubescens and P. xanthopus dig in sandy creekbeds allowing them to access water at lower salinity. He reported analysis of water samples from the current study site that showed that surface water in the creek had a salinity of 18,000 ppm, but in the nearby scrapes it was less than 5,000 ppm. These were scrapes M. r. erubescens had dug, and P. xanthopus made use of them. However, contrary to what Medlin (1993) reported, from our observations P. xanthopus have never been observed to dig their own scrapes, although occasionally they do dig out existing ones.
Ealey (1963) r. erubescens were not made with the same accuracy as for P. xanthopus, observations nevertheless were made and have led to conclusion that the incidence of M. r. erubescens carcasses found in September 2002 must represent a significant proportion of the total population. As can be seen from the data, this was not the case for P. xanthopus; implying that these two species respond differently to drought conditions. The P. xanthopus population showed only small fluctuations. Mature animals seem to be able to survive on dry feed together with the occasional summer thunderstorms which characterise the arid zone.
